Bryophyllum pinnatum is a known herb found in the tropical region of Africa and other parts of the world. In this study, the ethanol extract of the plant was investigated for possible anti-diabetic effect on alloxan induced hyperglycaemic wistar albino rats. Phytochemical studies revealed that Flavonoids and alkaloids were highly abundant compared to steroids and terpenoids which were slightly present while glycosides and reducing sugar were moderately present. Diabetes was induced via intraperitoneal injection using alloxan monohydrate. Groups 2 to 5 were induced while Groups 1, 6 and 7 were not. Group 1 was negative control group; Group 2 was positive control group, while Group 3 was the standard control. Groups 4 to 7 were the treatment groups. The results of anti-hyperglycaemic effect of the extract showed a significant (p<0.05) reduction in the glucose level of alloxan-induced diabetic rats in Groups 4 and 5, respectively treated with 200 and 400 mg/kg body weight of the extract when compared with the positive control. However, there was a significant increase (p<0.05) in some haematological parameters such as red blood cell count, haemoglobin count, packed cell volume of groups 4, 5, 6, and 7 when compared with the positive control. There was a significant decrease (p<0.05) in the malondialdehyde, low density lipoprotein, triacylglycerol and total cholesterol concentrations of groups 4, 5, 6, and 7 when compared with the positive control. The result of the study showed that the extract of B. pinnatum exhibited anti-hyperglycaemic activities in alloxan-induced diabetic wistar albino rats.
INTRODUCTION
Tropical forests are biologically lavished with diverse ecosystem of plants whose potential value as natural pharmacy is yet to be discovered (Cohen-Kohler, 2007) . The native people have used plants as medicine for *Corresponding author. E-mail: ukegbuchimere@gmail.com. Tel: +2348067299158.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License centuries. Folk medicine comprises the use of herbs, minerals, animal parts, etc., in prevention and treatment of diseases. However, herbal medicine is the most widely used of the three. Right from the beginning, all or parts of most plant species have been used as herb. There has been an improved acceptance of traditional medicine in recent times. The major reason for this acceptance is the high cost of contemporary medicines which makes it difficult for beneficiaries especially those from poor countries. As regards to folk medicine, there has been a mistaken impression that herbal medicine has fewer side effects (Chan, 2009) ; however, this is only true for some natural product while some are toxic. In spite of the fact that most of the claims ascribed to herbal medicine are yet to be proven scientifically, some medicinal plants have however been extensively studied, thus warranting their use as alternative to or complements of conventional medicines. One crucial denunciation related with the usage of herbal medicine is the lack of scientific assessment of their safeness, having known that some of these herbs have shown several toxic effect (Ernst, 2005; Yeung et al., 2008) . Approximately, 80% of the entire world population rely wholly or partially on drugs from plant origin (WHO, 1996) . Bryophyllum pinnatum is an incessant medicinal plant that grows in the wild and used as a traditional medicinal as well as ornamental plant in tropical America and Africa, India, Australia, and China. The genus belongs to the family of Crassulaceae and is cultivated as ornamental house plant on rocks or in the garden (Kulka, 2006) . The present herb under study is routinely called an air plant, Canterbury bell, cathedral bell, life plant and resurrection plant. It has a sweet in post digestive effect, is astringent, it has a hot potency and sour in taste. It is also known for its haemostatic and wound healing properties (Khan et al., 2004) . The leaves are simple, or compound in pairs, thick and fleshy, on cerise stems. B. pinnatum can propagate out of fortuitous shoots from immature leaf bases. The Creoles in America use the slightly roasted leaves in the treatment of inflammations, cancer, and a leaf infusion for fever. The Palikur in India mix the leaf juice with coconut oil and then rub it on the forehead for migraines and headache. In Mexico and Nicaragua, it is used to promote menstruation and assist in child birth (Gwehenberger et al., 2004) . In Nigeria and other West African countries, disorders such as bruises, boils, wounds, insect bites, rheumatism, headaches and body pains, arthritis, etc., are cured using the fleshy leaf (Khan et al., 2004) . It is employed in the treatment of gastric ulcers, edema of the legs, kidney stones, skin disorders and burns. The pulp of the leaves or the juice is used externally on traumatic injuries to stop the bleeding as it contracts the minute arterioles and boost the healing without leaving a scar. The herb is great in bleeding disorder such as menorrhagia and piles. However, the present study is geared towards investigating the antidiabetic activity of the plant under review.
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MATERIALS AND METHODS
Plant
The fresh leaves of B. pinnatum were collected from OPI markret in Nsukka LGA of Enugu State, Nigeria. Identification of the leaves was done by Mr Alfred Ozioko of Bioresources Development and Conservation Programme (BDCP), Nsukka, Nigeria.
Experimental animals
A total of thirty male albino rats with an average weight of 170±16 g were obtained from the Animal House of Department of Zoology, University of Nigeria, Nsukka. Acclimatization of the animals to laboratory conditions lasted for one week under a standard condition with 12 h light and dark cycles and maintained on a regular feed diet and water ad libitum. The mice used for LD50 were 8 to 10 weeks (56 to 70 days) old with average weight of 16±1.4 g.
Preparation of extract
The fresh leaves of B. pinnatum were washed with distilled water and spread on a mat in a well-ventilated room with regular turning to avoid decay. This process lasted for four weeks after which they were pulverized. 1125 g of dry leaves were coarsely ground. The ground leaves were soaked for 48 h in 95% absolute ethanol with occasional shaking after which they were filtered using muslin sieve. The filtrate was later evaporated to dryness using rotary evaporator (R-300 Rotavapor manual lift) at 60°C.
Determination of LD50 of the extract
The median lethal dose (LD50) of the ethanol leaf extract of the plant was determined by the method of Lorke (1983) . Six groups of three adult albino-mice each weighing between 13 and 20 g were used for this experiment.
Experimental design
In this experiment, the rats were divided into seven groups of five rats each. Group 1 was administered 1 ml of 3% tween 80 solution which represented the vehicle. The treatment was carried out (per oral) using gastric gavage.
Group 1: Normal rats were Non diabetic and no treatment was given (negative control); Group 2: Positive control, Diabetic rats without treatment; Group 3: Diabetic rats treated with standard drug (2.5 mg/kg body weight of glibenclamide). Group 4: Diabetic rats treated with 200 mg/kg body weight of the extract Group 5: Diabetic rats treated with 400 mg/kg body weight of the extract. Group 6: Non diabetic rats treated with 200 mg/kg body weight of the extract. Group 7: Non diabetic rats treated with 400 mg/kg body weight of the extract.
Diabetes mellitus induction
On the seventh day of acclimatization, the rats were starved overnight prior to induction of diabetes mellitus with a view to 
Phytochemical analysis of the fresh and dry leaf extact of B. pinnatum
The preliminary analysis of the phytochemical composition of the ethanol extract was carried out according to the method of Harborne (1989) which involved testing for the presence of the following plant constituents and their relative abundance. They include the following: alkaloids, flavonoids, carbohydrates, glycosides, proteins, saponins, steroidal aglycone, tannins, oil, acids, resins, and terpenoids.
Anti-diabetic evaluation
Blood glucose concentration was measured on weekly interval to ascertain the hypoglycaemic effect of the extract on the rats being treated. This was done by slightly cutting the tail vein with a sharp scissors. Collection of blood samples was done by nipping and smearing the tail on the indicated portion of glucometer strip until it was fully soaked by blood after it was inserted into the Accu-check glucometer and blood glucose concentration was read within few seconds.
Analysis of biochemical parameters
Packed cell volume (PCV), haemoglobin concentration, red blood cell (RBC) count and total white blood cell (WBC) count were estimated using the standard haematological method as reported by Ochei and Kolhakar (2005) . Malondialdehyde (MDA), a product of lipid peroxidation was determined spectrophotometrically using the method of Wallin et al. (1993) , while catalase activity was assayed by the method described by Abei (1983) . High density lipoprotein (HDL) concentration was assayed for using the method described in Albers et al. (1978) , however, low density lipoprotein (LDL) concentration was ascertained according to the method described by Assman et al. (1984) . Total cholesterol concentration was determined according to the method described by Allain et al. (1974) , while triacylglycerol concentration was determined by the method described by Bucalo and David (1973) .
Statistical analysis
Statistical analysis was determined using one way analysis of variance (ANOVA) using Statistical Products and Service Solutions (SPSS). Data obtained from the test groups (mean of triple determination ± standard deviation [SD]) were considered statistically significant at p<0.05 when compared with their respective controls and the differences.
RESULTS AND DISCUSSION
Percentage yield of ethanol extract of B. pinnatum leaves 500g of dried sample of B. pinnatum yielded 20 g weight of the extract. Thus, percentage yield is 4%.
This study is a report of the effects of ethanol extract of B. pinnatum on alloxan-induced diabetic rats. Diabetes mellitus is a persistent ailment caused by complete or partial deficiency in insulin levels, which leads to insufficient glucose absorption thus producing a critical and chronic complication. In recent times, the management of diabetes primarily involves lowering of blood glucose level by the use of biguanides, sulphonylureas, diphenyalamine derivatives, thiazolidinediones and glucosidase inhibitors in addition to insulin. Nevertheless, due to some side effects, the efficacies of these compounds are arguable. Therefore, there is a high demand for new compounds with high efficacies and little or no side effects for the management of diabetes (Thirunavukkarasu et al., 2003) . Consequently, plants have been suggested to be a source of potentially useful antidiabetic active ingredients due to the high content of potent organic compounds (phytochemicals) that are yet to be investigated scientifically (Saxena and Vikram, 2004) .
The percentage yield of the extract is 4% as shown in Table 1 . This implies that the plant has a low yield. Table  2 shows the phytochemical composition of the ethanol extracts of the leaves of B. pinnatum indicating the abundance of many secondary metabolites including flavonoids, alkaloids, tannins, saponins, glycosides, etc. From the results shown in Table 2 , flavonoids, alkaloids, and tannins were found to be highly present in both dry and fresh samples while steroids, hydrogen cyanides and carbohydrates were found in very low concentration in both samples. Also, reducing sugar, saponins, terpenoids and glycosides were moderately present in both samples. Table 3 displays that there was no statistically significant difference at p>0.05 between the quantitative phytochemical constituents of the air dried and fresh samples which shows that no nutrient or phytoconstituent was lost during the process. This also proves that air drying which is the drying technique used in this study is one of the best methods of drying plant materials. The flavonoids, saponins and alkaloids are said to have medicinal properties in animal (Livingston et al., 1997) . However, in high concentrations, these secondary metabolites could show some levels of toxicity and may impair body metabolism (Wieslaw et al., 1999) . The acute toxicity (LD 50 ) test of ethanol leaf extract as shown in Table 4 indicated that at a dose as high as 5000 mg/kg body weight, there was no mortality recorded in the animals and neither did they show any sign of toxicity. This is evidence that the leaves are relatively secure for human and animal consumptions. Table 5 shows the antidiabetic effect of B. pinnatum leaf extract on alloxan-induced diabetic rats. The results displayed that there was a statistically significant (p<0. 05) reduction in the glucose level of the rats in the test group in a dose-dependent manner in comparison with the positive control group. This reduction could be an outcome of the biochemical interactions of the phytochemical constituents of the plant, thereby, enhancing the regeneration of beta cells of the pancrease, thus, stimulating insulin secretion and causing a reduction in the blood glucose level.
However, this result is consistent with the report of Ukegbu et al. (2016) which showed that graded doses of the extract were responsible for lowering of the blood glucose level in diabetic subjects and this reduction could be as a result of the phytochemicals inherent in the plants.
PCV test is a hematological test used to quantify the amount of cells in the blood. The quantity of cells in the blood is stated as a percentage of the total volume of blood; for example, a PCV measurement of 65% signifies that there are 65 ml of cells per 100 ml of blood. The test can be used as a screening tool for anaemia and can also indicate the degree of fluid loss during dehydration. Haemoglobin is the pigment part of the erythrocyte and the oxygen carrying pigment in the red cells. As shown in Table 6 , the treatment of the hyperglycaemic rats with the leaf extract produced a significant (p<0.05) increase in the PCV levels and haemoglobin concentration of the treated rats when compared with the positive control. This reduction is probably due to hemolysis and biochemical reactions of the free radicals and this The acute toxicity test (LD50) of the plant extract showed no lethality. reduction could be ascribed to low levels of hemoglobin which is a hematological condition that is characterized by low PCV levels. The reduction in haemoglobin level of the hyperglycaemic rats (positive control) might be due to glycosylation of the red blood cells which prevent its frequent interaction with the haem components. This shows that the extract has the ability. The results obtained from this research work is in tandem with the research work done by Oyedemi et al. (2011) where the antidiabetic and haematological effect of aqueous extract of the stem bark of Afzelia africana (Smith) on streptozotocin-induced hyperglycaemic Wistar rats was evaluated. The work suggested that plant extracts contains compounds that have the ability to inhibit the non-enzymatic glycosylation of RBC membrane proteins which could be through membrane stability activity or through direct inhibition. A red blood cell count is a blood test that estimates how many red blood cells (RBCs) in the blood and also detects anemic conditions. Total white blood cell count is a biochemical test used to investigate an infection or inflammatory process and it may also be used to diagnose the presence of other diseases that affect WBCs which includes allergies, leukemia or immune disorders, to name a few. From Table 7 , the RBC count showed a statistically significant increase (p < 0.05) in the diabetic rats treated with graded doses of the leaf extract in comparison with the positive control group. However, conversely, the treatment of alloxan-induced hyperglycaemic rats with the ethanol extract of B. pinnatum caused a statistically significant reduction (P< 0.05) in the total white cell count of treated rats when compared with the diabetic untreated rats. This might suggest that the leaf of B. pinnatum cannot be used as a blood booster or could contain compounds that inhibit haemolysis through membrane stabilization or through other unknown mechanisms. The elevation of the total white blood cells in the diabetic untreated rats is an indication of inflammation, acute infection or tissue damage. The result of this research work is in agreement with the research work done by Muhammad et al. (2012) where the haematological parameters of alloxan-induced diabetic rats treated with leaf essential oil of Hoslundia opposita (Vahl) was evaluated.
Higher levels of malondialdehyde and lower level of catalase activities indicate oxidative stress. The levels of antioxidant defense system are always diminishing in alloxan-induced diabetic rats (Prince and Menon, 2000) which correlate with the results shown in Table 8 where there was a significant reduction (p < 0.05) in the catalase activity of the positive control in comparison with the normal control group and the standard control group. From Table 8 , it was observed that the treatment of alloxan-induced diabetic rats with the extract of B. pinnatum leaf extract significantly increased (P< 0.05) the catalase activity of the treated rats when compared with the untreated rats. Calatase is a haemoprotein which catalyses the reduction of hydrogen peroxides and defend the tissues from damage from reactive hydroxyl radicals. A decrease in the catalase activity results in a number of superoxide anion radicals and hydrogen peroxides. The results of this work are in consonance with the works of Mahrukh et al. (2015) where the antidiabetic effect of Sida cordifolia (Aqueous Extract) on diabetes induced in wistar rats using streptozotocin was evaluated. Lipid peroxidation is one of the major features of chronic diabetes (Satheesh and Pari, 2004) which is characterized with high breakdown of intra-cellular macro molecules. In this study as shown in Table 8 , a significant increase (p<0.05) in the concentration of malondiadehyde (MDA), the product of lipid peroxidation, was observed in the diabetic untreated rats (positive control) when compared with the diabetic rats treated with B. pinnatum ethanol leaf extract. The significant (p<0.05) decrease in the level of malondiadehyde seen in the treatment group could be as a result of the actions of the organic compounds (phytochemicals) inherent in the extract in mopping out free radicals thus inhibiting the breakdown of the lipid layers of intracellular micro and macro molecules. Thus, the results of this research work is in tanden with the works of Selvan et al. (2008) where the antidiabetic and antioxidant effect of methanol extract of Artanema sesamoides in streptatozocin-induced diabetic rats was determined.
Results from Tables 9 and 10 show that oral administration of ethanol leave extract of B. pinnatum for 21 days at various doses showed a statistically significant (p<0.05) reduction in the low density lipoprotein, triacylglycerol and total cholesterol concentration in diabetic rats. Prolonged diabetes mellitus is a risk factor for coronary heart diseases. The abnormal increased level of serum lipids such as LDL, TAG and total cholesterol shown in Tables 9 and 10 is primarily as a result of the spontaneous actions of lipolytic enzymes on the fat depot mainly due to insufficiency in insulin levels (Ei-soud et al., 2007) . At a healthy state, insulin triggers the enzyme lipoprotein lipase, which breakdown triglycerides via hydrolysis while in a diabetic state; lipoprotein lipase is not activated due to insulin deficiency resulting in hypertriglyceridemia. Alteration of serum lipid profile is known to occur in diabetes and this is likely to increase the risk of coronary heart diseases. A significant reduction (p<0.05) in serum lipids, particularly, the LDL, total cholesterol and triacylglycerol concentrations achieved through the administration of the extract was considered as being profitable for the long term prognosis of the disease (Chattopadhay and Bandyopadhay, 2005) . The ethanol extract of B. pinnatum leaves produced a significant reduction (p<0.05) in the total cholesterol, low density lipoprotein and triacylglycerol concentration, while conversely, high density lipoprotein levels showed a significantly increase (p<0.05) in the diabetic rats treated with the extract when compared with untreated diabetic rats (positive control group). The significant (p<0.05) decrease in cholesterol and LDL levels achieved by the administration of B. pinnatum leaf extract indicates a possible protection against hypercholesterolemia with its complications. Insulin deficiency may also be responsible for dyslipidaemia because insulin has an inhibitory action on 3-hydroxy-3-methylglutaryl coenzyme A (HMG-COA) reductase, a key rate limiting enzyme responsible for the metabolism of cholesterol rich LDL particles.
Conclusion
The results presented in this study have shown that the ethanol extract of B. pinnatum has hypoglycemic effect. The graded doses of the extract equally boosted the hematological parameters of the treatment justifying its use in the treatment and management of diabetes mellitus and its related complications at the traditional level among the people of the South Western and South Eastern Nigeria and many other countries of the world.
